BEST AVAJLABlf COPY. ^ 



o 



The/1}. 



Fkbent 
Office 




PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1 (a) OR (b) 



recd 2 8 OCT 2003 



WIPO 



PCT 



INVESTOR IN PEOPLE 



The Patent Office 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and 
(4) of the Deregulation and Contracting Out Act 1994, to sign and issue certificates on 
behalf of the Comptroller-General, hereby certify that annexed hereto is a true copy of 
the international application filed on 13 JUNE 2003 under the Patent Cooperation Treaty 
at the UK Receiving Office. The application was allocated the number 
PCT/GB2003/002539. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company 
named in this certificate and any accompanying documents has re-registered under the 
Companies Act 1980 with the same name as that with which it was registered 
immediately before re-registration save for the substitution as, or the inclusion as, the last 
part of the name of the words "public limited company" or their equivalents in Welsh, 
references to the name of the company in this certificate and any accompanying 
documents shall be treated as references to the name with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by 
pic, pic, PX.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but 
merely subjects the company to certain additional company law rules. 



Signed 



Dated. 14 OCTOBER 2003 



An Rxeci iti ve Aeencv of the Department of Trade and Industry 



l3-JUft-2003 16:33 



FIRM-WRIER BRETTELL 

PCT 

REQUEST 



The undersigne4 requests that the preset 
mremaiional ^plication be processed 



023-8033-7006 



T-B20 P. 003 



F-851 



mm For leceivuig Office use only 



PCT/58 2003 / 0 0 2 5 3 9 

Intetratlonaj Application No. 



3 JUNE 2003 

Internationa] Pllka Pats | — Qt*r> — Q «j£> 



[ V2$8& Kssgdors Patent O^w f 



Applicant's or agents file reference 

Ofdzstefl (22 characters maxintuia) GML2764 



Bos Wo. I TITUSOFIITV^ISTION 

ICE DETECTION APPARATUS AND METHO D 


Box No, 13 APPUCAT9T Q This person is also invemor 


Name and WkJneSlK (Family name failawvd hy&tvcn name; Jar a U^lamityfoU officii fasigrmwn. 
7H& addreiS atustlacludz paxt&l Code arid miiid of country, TheeOuntryef lh& address indfeaxsd in tHjs 

Baxiszhe eppiteant 's Stetafthatte, eoumjyjofrvsdem»f^SNascf^ 

Aerospace Composite Technologies Ltd 

Percival Way 

London Luton Airport 

Luton LU2 9PQ 

Bedfordshire 

GS 


Telephone No. 

+44 (0)1582 731441 


JacsrirnileNo. 

+44 (0)1582 720979 


Teleprinter No. 


Appiicant'sft^swattoiNo. with. Iho OfBee 


GB 


State (thai is, country) of residence; 

GB 


This person is applicant: f - 1 aOI aeslgnated ran all dwifttwwd Sucks sxcapt ■ I — | ike Unlicd aiaica i — iifec Stet^ friitortefl in 
ror the purposes of; j | Suaes ygy the luffed sttfes of Aniens 1 1 of America only { _ _ | the Supplemental Boae 


Box No. m FURTHER APPLICANTCS) AND/OR (FURTHER) INVENTORfS) 1 


Name and address: fr'amiyimmB fallowed byxivzn noma: jfora Isgvl entity, fidl cfflaol designation 
The cutdruss must ntehtdeptisialcods andnunw Of t&untry. TJis country of ths address jjvftcw&i M (fit* 
B&usTteappllctMi Statef&ans, country} efmsr denes ffi&Steae offe&ideneent indteaiedbelow.) 

ARMSTRONG, David John 

Aerospace Composite Technologies Ltd 

Percival Way, London Luton Airport 

Luton LU2 9PQ 

Bedfordshire 

GB 


This person Lk. 

jH] applicant only 

[X [ applicant and inventor 

| — I inventor only (If this check-box 
I i is marked* da not JiU in below.) 


Applicant's regJstrationHo.Tvitls ihe Office 


State (that is, country} of nationality: 

GB 


State (Amis, country) of residence; 

GB 


This person is applicant I 1 all testis*? 00 " 3 I 1 all designated States cspspi ITrf the Uinicd Stoics | 1 the Stoics indicated in 
fbr the purposes of: 1 [ Sissies 1 1 the United States of Atticfica If* 1 of Artistic*. oaly J 1 thi SuppEemcntul flox 


|Xj Further applicants and/or Cfurthcr) inventors arc indicated on a conilnualion sheet. 


Bo* No, IV AGJ&NT OR COMMON REPRES ENTATIYE; OR AltfX&ftSS *rOR CORRESPOWPPWCT 


The person identified below is hereby/has been appointed lo act on behalf PETl aflcnt p 1- 1 coffiqiaa , 
of the applicant^) before the competent International Autocrines as: l£J B 1 1 representative 


Kama and address: (Fanvty nam* fallowed by given name; far a legal entity. fitUojpetal designation. 
fh» addrmr must include pamd code end name of coursryj 

BARKER BRETTELL 

Medina Chambers 
Town Quay 

Southampton S014 2AQ 
GB 


Telephone No. 

.44,(0)23 8033 6970 


3? Acsiiniits 3Sfa, 

44(0)23 8033 7006 


TeieprfnTerNo. 


Agenr/sregistrarionNo. wiThtheOJTiee 


l — I Address for correspondence: Mark this c beck-box where no agent or common representative iaVhfiS been appoinred qn4 foe 
| I space above is used instead to indicate a special address to winca correspondence should be sent. 



Form PCT/RQ/10I (fiesi sheet) (March 2001; reprint January 2003) 



See Notes to the request farm 



' 13^UN*2003 18:07 F ROM-BARKER BRETTELL KirW KfflfeB 2003 O^^O 9 MB2 

Sheailfo. ..A... ' 



Continuation of Bra No. TO FURTHER APPUCANT(S) AND/OR (FURTHER) INVENTOR® 

If none of the following sub-boxes Is mod, ifus sheai should no! be inahded In the ro quest 


•Name and address: (Fandtyn^joilmYedby^mTtamtzJorale^^to 
Th&eu&r&snait.wlKcludepa*tal code and noma cfcaurmy. ThaccumyofihaamreammcsaxiinMs 
Jtolsteo^c/M'sSiam(aatit,eaww)efmi(k^lfr»Sw 

HARE, George Graham 

Aerospace Composite Technologies Ltd 

PsrcSvsl Way, London Luton Airport 

Luton LU2 9PQ 

Bedfordshire 

GB 


Thi s person is: 

| 1 1 applicant only 

|X j applicant and mvarffior 

r- — i [nvcntor only (If this check-box 
I i £y marked, «<? n^ifm in Ww,/ 


Applicant's rcgi sttationNo. with the Office 


Stat* ftftos is, couimy) ofnaiioiKuity; 
GB 


Stale (tftatiSt country) of residence; 

GB 




JUamo and address: iFianllyivamfiiaavBdby^fnntme: fbrategtderalfcmoffl™ 1 fclsw&n;- 
The address tmst nKbtdupmlal code and nam? °5 ooimpjs Tteaupny of the addrminduxdaitri not 
Saxh rhmwplictmr't Sf(ue (thmlt, <&untryj ofrciHtdrao ifnoStmcfr^sUiaai U wlicated btlawj 

IKIADES, Aristedis Anthony 

Research and Technology Hellas (FORTH) 

Institute of Electronic Structure and Laser (IESL) 

PO Box 1527 Heraklion 

Crete 

71110 Greece 


This parson is: 

| | applicant only 

1X1 applicant and inventor 

I — f inventor only (If this che*k-ba* 
L_l fsm&rkts4d(?tiOtjlilinl&hwJ 


Applicant's registration No. wittithc Office 


State (that Is, country) of nationality; 

Greece 


Slate (ifaftis. country) of reSidwite 

Greece 




BaxisthEawiiceWt SKKflfimtheoHnW ofraidtnea if no Sunsafresn&Ki mitdicanuibeiwj 

KONSTANTAKl, Mary 

Research and Technology Hellas (FORTH) 

Institute of Electronic Structure and Laser (IESL) 

PO Box 1527 Heraklion 

Crete 

71 1 10 Greece 


This person is: 
1 applicant only 

[X| applicant imd invent&r 

i — I inventor only (f/thiicheck-ihox 
1 — 1 w marked da no* fill n? heiaw.j 


Applicant T sfc^straiionNo,vinitheOeice 


State fihaiis, country) of nalionutity; 

Greece 


Slate (thai is, country) of residence: 

Greece 




Name and address: (FamllyxArMfrtlw^tygivm nam*: forals^al^ni^Ml^clQlJesiQ^^ 
Theztztdrtix tAvtx fflrfttfe pasted codz imdnanjoefcaunry. 7M camtycfxlmaddrixi \ n ™* 
Bazfsthi&pptiumt's Swe fthatt* country) tfrm*wc* ifnaS&scfr^uisiKB vindicated bclawj 


This person Is: 
| \ applicant only 

jp~] applicant and inventor 

i — 1 inventor only (ff Jta chzck-bax 
{ 1 is m&rkzd, do «ol fill in belowj 

Applicant's registration No. with the OEBce 


State flktfte coffT^ry) of natlonalixy; 


State 0te country) ofresidftflee: 




| I Further applicants and/or {fortheri uw»«c*s are indicated on another continuation sheet. 



3?ormPCT/RO/101 (continuation shecl) (March 2001; reprint January 5003) 



See Notes to the request form 



13-JUN-2003 16:39 FROMARKER BRETTELL 



Q23-8D33- 



SheetNo. 



7C ftT/6S 2 



620 P. 006 F-651 

/ 0 0 2 S 5 



B«x No. V DESIGNATION OP STATES jWw* ifor applicable eheek-bcaxs beiow: at least om mast b» z»mfe<j 



$& EA 



H AT Austria ® IL 

EAU Australia HIM 

iAZ Azerbaijan Jg IS 

H BA Bosnia and Herzegovina R JP 



The following designations are hereby made under Rule 4.5(b); 

Regional Patent „ 

SI AP ARTPO Patent: GH Ghana, CM Gambia, KB Kenya, LS Lesotho, MW Malawi MZMozarpbjque, SD Sudan, 
SLSicrra Leone, SZ Swazihmd.TZUnited Republic of Tanzania, OG Uganda, ZM Zambia, ZW Zimbabwe, and arty mJjar 
Stele which is a Conlraoling S»W Harare Protocol and of the PCX fifrtAw kmdofpnucdan or treatmmtdesired, 

specify on dotted tine) • ' 

Eurasian Paionr; AM Armanis, AZ Azerbaijan, EY Belarus, KG Kyrgyzsian, KZ Kazakhstan, ME Republic ^Moldo va, 
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting Slaw of the Eurasian 
Patent Convention and of the i'CT 
rsj £P BuropeanPamat: ATAustria,BEBelgium,BGBuIearia,ra 

Reoubjie, PE Germany, IHCPeumaric, EE Estonia. ES Spain, FT Finland, FR Franco, GB Unried IGu E dom,CR Greece, 
IE Ireland, IT Italy, LU Luxembourg, MC Monaco, NL Netherlands, PT Portugal, SE Sweden, SJ SIovctiSjSK Slovakia, 
TR Turkey, and any oihnr State whloh Is* Contracting Swjs of the European Putenl Convention and of the PCI 
US OA OAPI Parent: BE Burkina Fasn, BJ Benin, CE Central African Republic, CO Congo, CI CSta d 'iwfira, CM Cameroon, 
GA Gabon GN Guinea, GO Equatorial Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE 'Niger, SW Senegal, 
TJ> Chad, TG Togo, and any other State which is a member State of OAPI and a Contracting State of the PCT & other land 

of protection or treatment desired, specify on dotted line) • 

National Patent fffother kind cf protection °r treatment desired, spec^ on dotted tine;\ ' 

® AS. United' Arab Emirates H GM Gambia E NZ New Zealand 

® AG Andgua and Barbuda g HR Croatia S OMOmaa 

HAL Albania..: gWHunflary HPH Pkbpptnes 

QB AMArmenin g l» Indonesia g ^ *° laBd ; 

— ws *— Israel P« PT Portugal 

India 53 RO Romania 

Iceland 1§3 RU Russian Federation 

. Japan 

IB BB Barbados KN KB - • • gg 50 Seychelles 

El BG Bulgaria E KG KLyrgyzsian H SD Sudan 

IS BR Brazil , . . BB EP Donocraiic People's Republic SI SE Sweden 

H BY Belarus'.'.'. *«» I s6 si W" 

gj BZ b^jjhj . ; Qf KR Republic of Korea W SK Sleyrfpa 

H CA Canada H KZ Kazakhstan H SL Storm Leone 

B CSt & LI Swiwaland and Liechtenstein H LC Saint Luoia jg TJ Tajikistan - - - , 

B CN China. . j§ LK SriLanU E TM Turkmenistan 

H CO Colombia . H LR Liberia g ™ Turns* 

B CR Costa Riea IS LS Lesotho g TR Turkey .... 

5 CC Cuba . ; ■ ; IS LT Lilhmwia » TT Truudsd and Tobago 

IS CZ Czech Republic H LU Luxembourg " " '. 

» BE Oermaay^ » LV Larvia g TZ United Republic ofTanzama 

IB DK Pe nmadi W WAMorooeo W UA Ukraine 

H BMPeminie* ^ MT*Repi*lia of Moldova H »G Uganda 

5 „ H US Untied Slates of America 

BB EC Ecuador . -. H MGMadagosoar 

(S ee Estonia £9 MKThe former Yugoslav Republic of E UZ Uzbdrisian 

H ES Spain Macedonia g VC SaintVincentsndtlicGrcrmdinos 

Hit Mh»,'!mm H MN Mongolia H VN Viet Nam 

IS GB United Kingdom g MWMelttw g ™ J 1 *^ 

B GD Grenada ® MXMesdco ■ *A SouniAfinca 

H GE Georgia H MZ Mozambique S^fT^ 

| GH Ghsii H NO Norway ■ ZWZlmbabwo 

Checfc-boxes below reserved fcr designating State which have become party to mc PCT after issuance of tbia sheet: 

fi.MNlra/agua P ° 

□ □ 



P 



PKca«Honar I DeslgnnfionSt S rtement: In addition to the designations made above, Uieapph^nt abo makw W J 

Xr dSSc^ which would b* permitted under the PCT except any designatlon(s) indicated the Supplemental Bmc as being 
excud^S^ro^ 

Zd^^KoL )3 ot ^fioned before theesplxadon of 15 ^^^^f^^^^^^^^j 
applIcariatmeexpiiaUonorthatttmelimi). (Cenjirrmtion (toohtdmgfev) rm^achihertcetyv/tsOJJi^mlhmihe 15-wmOitlmekmitJ 



FormPCT/RO/101 (second sheoc) (January 2003) 



Sea Notes to the request form 



^urn—si 



13-JUtt k ~2Q03 16:38 



F ROM-BARKER BRETTELL 



Sheet No. 



023-8033-7006 T-620 P. 005 F-651 

* PCT/5S 2003 / Q Q 2 5 -5 3 



filing date 
of earlier application 
(day/motuhfyear) 


Number 
ofoadief application 


Where earlier application 5s; 


naUonfil applied on; 


regional application:* 
regional Office 


Larco^atiGna] applwalimrc 
receiving Office 


ftem(l) 


NONE 








item (2) 










item (3) 










item (4) 










iu?m(5) 











BnxNaYI PRIORITY CLAIM 



The priority of Ac folio-wing ea* Iter appllcstionCa} is hereby claimed: 



Fimhor pracrily claims arc indicawd ir» me Supplemental Box. 



The receiving OfHcc is requested to prepare and transmit to the InTernatlonal Bnreau a certified copy of the earlier Hppli*slion<s> (cnb 
if the earlier application was filed with the Office which far the purposes of this international application is ri*e reaping OfffatJ identified 
above aa; 

□ all items □ immO) □ IwaCO □ ta*0> □ iw»£4> □ i**H> □ SjJJCS^Bws 

9 When ihc earlier application is an ARIPO application. indicate at least one country parry 10 tie Paris Conwidcmftxr sheJfatecden of 
Industrial Property at one Member of the World Trade Organization for which Mat earlier application was fifed (Rule 4JQ(bj(ii)): 



Bo* Wo, vn csrrnRNATio^iAi sea&chin g authority 



Choice of fcinsHjatJojtfJ Searching Authority (ISA) ft/twoormoreJnternadonajSeqrchingAwthi^ cawpeimltoeanyottllhe 
international seorcli, indicate the Authority clioscn; tfm twO-letier code may bevsnty 

ISA/ . 

Request to use results of earlier search; reference to that search (if an earlier starch Jia& been carried out by or reqaestedfiam the 
International Searcfiing Authority)? 

J3$re (daytmanth/ycar) Number Country (or regional Office) 



BosNcVEl DECLARATIONS 



The fhHowreg o>ejar&tjoji& ate contained In Boxes Nos. VEQ (1) to (v) (mar* the applicable 
chttkrfaxex tefow and indicate in the right column the number of each type of declaration)-. 



l^urnber or." 
declarations 



□ Bo*N0,VniCi)- 

□ Box No. VlUCii) 

□ Box No. Vm (in) 

□ Box No. VlTT(iv) 
PI BoxNo. VTtt (Y) 



j>eclara;iofl as to the identity of the inveow 

Declaration as to the applicants enlitlementy as al the inKsrnauonal filing 
dais, id apply for and be granted a patent 

Declaration as to the applicanT's enlrderoenr, as at the international filing 
date, to claim the priority of tho earlier appli cation 

DecUration of inventorship (only for the purposes of the designation of die 
United Smie* of America) 

Declaration as to non-prejudicial disclosures or exiwpUorja to lack of novelty 



PormI^T/ftO/i0l(mirdBliwi> <My2002; reprint January 2003) 



See Votes zo the request form 



13-JIW-2003 16:40 • FRQM-BARKER BRETTELL 



023-8033-7006 



T-B20 P. 007 



Sheet ttb. 



PCT/6B 2003 / 0 0 2 5 * 



This International application contain* 

(a) fe paper form, the following number of 

description 

sequence listings and/or 
tables related Thereto) : 

abstract » 
drawinga 

Sub-total number of sli**ti : ~~ 35 



F-S51 



Box No. IX CHECKLIST: J-ApJGLfAGE OF PILING 



Lables relflred. thereto 

tffcr both, actual number of 
Itoj* x/jfletf «J paper form, 
whether or not ateofikdm 
computer readable farm; 
^ ftp belay*) 



12 
4 
1 

10 



Tata! uum bcr of sneers : 32 

(W EH only in computer readable tbrm 
(Section fi01<aXi)> 
0) □ sequence listings 
(ii) O fable* reteTadrfcerW 
(cS □ also tn computer readable form 
(Section &£f(a)Gi» 
CO □ sequence listings - 
(ii) □ tables relaxed thereto 
Type a«u3 number of carriers (diskette, 
CDS.OM, CD-R or other) on which ar» 
contained The 

□ sequence listings; r 

□ tables related thereto: ■ 

(additional copies so he indicated under 
/tons 909 aiidfor 19(H) t ia rigfcl column) 



figure of the drawing which 
sboulfl accompany the abstract 



Tfos international application as accompanied by the following 
itam(s) (mark iha appiicabie check-boxes Wow and indicate in 
right column ffc number of each item): 
1 . P fee ealculaaon sheei 

3. □ eriginAj s*p4ttTe power of 4TOmey 
3- □ origjinal general power of attorney 

4. □ copy of general power of attorney; reference number* 

ifasy: 

5. □ sistcmem explaining lack of signature 
6\ D priorfiy dccnxnem(s) identified in Box Wo. YI as 

FleroCsi - • • • • » 

7. □ translation of internaiionaj application into 

fltuiguag&f. - 

fi. □ separate indications concerning deposited microorganism 

or otto biological matetfri 

9. sequence listings In computer readable form 
(indicate rype and number of carriers) 

(i) □ copy submitted for the purposes of inVenwlional search under 

Rule 13 tor only (and not as part of the international application) : 

G i) □ (Wfy (b)(# or fo$ i* i»prted h? Ml cab^np 

additional copies ineluqrng> where sppUcw t»le> me copy lor Uxe 
purposes of intcrastioiial search under Rule 13/er : 

(iii) □ together with relevant statement aa to the idernily of the copy or 
copies with, the sequence- listings mentioned in left column : 

10. Q tables In computer readable form related to sentience listings 

(indicate type and number of carriers) 

<i> □ ectpy submitted ftr the pwrpo^s onnP^rniffi'^M sweh rt*de r 
Section 802(b-OT«aft?r) only (and not as part of the mternationai 
application) : 

additional copies ineludmg> where applicable, the copy for Vhe 
purposes of iotcrnational search under Section 8G2(b-#«flrerj : 
<iii> P together with relevant «Wrn*nT a* re the identity of the copy or 
copies with the tables mentioned in left column : 

U. O other (specify/. : 



Jvlumbcr 
of items 



Language of ding of the 
International application: 



ENGLISH 



Bo*Ne.X SIGNATURE OF APPLH2ANT» AOEN'f 2S|^mSSS5^5^^^^^^^^TO^ 



Is 



LOMAS Geoffrey Michael 
Professional Representative 



1. Dat»ofaotual receipt of Ihcpurpdrtftd 4 Q JUNE ; I O —r-^t ^ 
international appricalion: & ° W " *- - I 5^^-<^ 


2, qrawiags* 
(^^^received; 

j 1 not received; 


3 , Correfited date of actual receipt due to later but 
timely received pApeff or drawings completing 


4. Pute of liitieSy icceitf? of the required 
corrections under PCX Article 11(2): 


5. Tnicrnaiional Searching Authority 

(if vwo or more arc competent): ISA / 


6r-f=^K TransrmtpaJ of search copy delayed 
^ — t_j^ until search fe» is paid 





Date of receipt of the record copy 
by the International Bureau: 



Parm PCT/RCV 1 0 1 (l-wt sh»cr) (January 2003) 



&cs Natos ro tb* request farm 



• 13-JUJM003 1S:38 FRO"W-BARi€R BRETTELL 



BARKERB RKTTEII 

FMTBMIS THADBWABK5 COFYRH3HT DESIGNS 




023-BD33-70QS T-62D P. 002 F-B51 

PCT/6B 2003 / 0 0 2 5 3 9 



.The Comptroller 
The Patent Office 
international Unit 
Cardiff Road 
Newport 

' Gwent 
NP9 1RH 



Your bef: 



1* 



«0 



TO 



JR/DJL 



BY FAX 

Pl£a3c Rmr to Southampton 
13 June 2003 



Dear Madam 

New international PCT Application 
Aerospace Composite Technologies Ltd 
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ICE DETECTION APPARATUS AND METHOD 

The present invention relates to apparatus and methods for detecting and 
monitoring ice accretion* and in particular, but not exclusively, on 
aircraft surfaces, 

5 Ice accretion on flying surfaces affects the aerodynamic performance and 
handling qualities of an aircraft, and may require different pilot 
corrective action, dependent upon the surface that ice is accreting onto. 
Current methodology for ice detection usually relies on an indirect 
method, normally based on ambient air temperature, and liquid water 
10 content. When a pre-set threshold level is reached, the ice protection 
system is activated, whether or not ice is accreting on critical surfaces. 
This method is not cost effective or efficient for an ice protection system. 

Known ice sensor arrangements are capable of detecting the presence, 
and with some the thickness, of ice, however they all offer challenges for 
15 integration into a distributive network. Furthermore the known ice 
sensor arrangements do not give an indication of the type (or roughness) 
of ice accretion, which has a marked influence on the aerodynamic 
performance of an aircraft. 

The present invention seeks to provide an alternative ice detection 
20 apparatus and method. 

According to a first aspect of the invention there is provided apparatus 
for detecting ice accretion comprising an electromagnetic radiation 
emitter and an array of sensors, the emitter being located intermediate of 
the array of sensors and at least some of the sensors being located at 
25 different distances from the emitter. 
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Most preferably the sensors are substantially symmetrical about the 
emitter. 

Preferably the sensor array comprises first and second sets of sensors 
which are arranged in generally opposing respective paths away from the 
5 emitter. 

Preferably the sets of sensors are arranged in respective straight lines. 
Alternatively the sets of sensors may be arranged to follow respective 
curvilinear paths which may be (mirror) symmetrical about the emitter. 

The apparatus may comprise third and fourth sets of sensors, which, are 
10 arranged to follow (generally opposing) respective paths generally away 
from the emitter. Preferably the first and second sets of sensors, and the 
third and fourth sets, of sensors together form a substantially cruciform 
arrangement of sensors about the emitter* 

According to a second aspect of the invention there is provided a method 
15 of monitoring ice accretion comprising emitting an electromagnetic 
radiation signal from an emitter, detecting radiation which is scattered 
andYor reflected by a layer of accreted ice, detection of the scattered 
and/or reflected radiation being effected by an array of sensors, at least 
some of the sensors being at different distances from the emitter, and 
20 comparing the detected intensity of radiation at different distances from 
the emitter to respective predetermined values so as to determine the type 
of accreted ice. 



Preferably the method comprises determining the thickness of ice which 
has accreted on an aircraft surface- 
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Preferably the method comprises determining the type of ice which has 
accreted on an aircraft surface. 

The method desirably comprises comparing the detected spatial 
distribution of intensity of the reflected and/or scattered radiation to 
5 stored data representative of the spatial distribution of intensity of the 
reflected and/or scattered radiation for different ice types. 

According to a third aspect of the invention there is provided data 
processing equipment for ice detection apparatus comprising comparator 
means, the comparator means, in use, receiving signals representative of 

10 the intensity of radiation scattered and/or reflected by a layer of accreted 
ice, -which, scattered and/or reflected radiation is detected by an array of 
sensors, at least some of the sensors being located at different distances 
from an electromagnetic radiation emitter, the comparator means being 
configured to compare the values of detected intensity to predetermined 

15 values and determine whether said values of detected intensity are above 
predetermined values so as to enable the data processing equipment to 
determine the type of accreted ice* 

Various embodiments of the invention will now be described, by way of 
example only, with reference to the accompanying drawings, in which: 

20 Figure 1 is a schematic representation of an ice detection apparatus 

for an aircraft; 

Figisre 2 is a schematic representation of part of the ice detection 
apparatus of Figure 1 which shows reflected and scattered light 
from an accreted layer of ice; 
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Figure 3 is a' cross-sectional view of aircraft surf ace which is 
provided with flush mounted fibre optic cables; 

Figure 4 is a schematic plan view of an array of sensors disposed 
diametrically about a central emitter; 

5 Figure 5 is a schematic plan view of a second array of sensors 

which are arranged in a cruciform about a central emitter; 

Figure 6 shows a schematic plan view of a third array of sensors 
which are arranged at various angles to the skin of an aircraft; 

Figure 7 shows curves of intensity against sensor position for 
10 different ice types; 

Figure 8 shows curves of intensity against ice thickness for 
different ice types; 

Figure 9 is a schematic perspective view of a diode emitter and 
sensor head; 

15 Figure 10 is a plan view of the diode emitter and sensor head shown 

in Figure 9; 

Figure 11 is a schematic perspective view of a rotorcraft blade and 
associated equipment, the blade being provided with multiple 
emitter and sensor arrangements, 

20 Figure 12 is a schematic representation of the electronic 

components of the data acquisition unit of the ice detection 
apparatus of Figure 1, 
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Figure 13 is a truth table showing how the possible various outputs 
of the comparators correspond to different ice types, and 

Figure 14 is an alternative emitter/sensor configuration. 

With reference to Figure 1 there is shown an apparatus 1 for monitoring 
5 ice accretion on an aerofoil 9, which apparatus comprises a light 
emitter 10, and sensors 3, 4, 5, 6, 7 and 8. 

As is seen from Figure 3, the ice monitoring region 2 of the aerofoil 9 
comprises the emitter 10 which comprises central fibre optic cable, and 
six sensors 3, 4, 5. 6, 7 and 8 which are provided by single mode fibre 

10 optic cables disposed diametrically about the emitter 10. The emitter 10 
and the sensors 3, A, 5, 6, 7 and 8 are accommodated in respective 
holes 16 which have been drilled into the aerofoil 9. The emitter and 
sensors are flush mounted (ie air conformal) with the outer surface 17 of 
the aerofoil 9- The distance between the longitudinal axes of adjacent 

15 sensors, and between the longitudinal axis of the emitter 10 and the 
longitudinal axes of the sensors 5 and 6 is 1 mm. 

The apparatus 1 further comprises ambient light filters 11 which receive 
optical signals from the sensors 3, 4, 5. 6. 7 and 8. The signals from the 
filters are then received by a diode array 12 which converts the optical 
20 signals into electrical signals. The output of the diode array 12 is then 
fed into a data acquisition unit 13 and the output from the data 
acquisition unit 13 to a control unit 14. 

The data acquisition unit 13 is configured to determine ice thickness and 
type, and to better understand the structure of this unit some explanation 
25 of various types is now given. 
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Glaze/Clear ice, as it name suggests, is optically clear and very little 
light is scattered. 

Rime ice. is optically opaque, it scatters light much further from a source 
than clear ice. 

5 Mixed phase ice, as its name suggests if anything in between, to the 
amount of scattering of tight is dependent upon the content of glaze and 
rune ice. 

In the case of rime ice growth, and for small thickness of ice, the 
doniinant contributions to the optical signal detected by the fibres are due 

10 to light scattered from the proximal irregular ice-air interface, giving rise 
to a rapidly increasing signal with ice thickness. However, as the ice 
thickness increases, and the ice-air interface recedes away from the fibre 
facets a reduction in the optical contribution of me ice-air interface is 
caused and scattering from the main ice volume become more significant 

15 resulting in a slower rate of increase in intensity with ice thickness. In 
rime ice all fibres, on both sides of the tight source, exhibit similar 
behaviour but at reduced signal strength (with increasing distance away 
from the light source) due to the regular optical diffusion. 

In the case of glazed or clear ice, which is transparent and has a very 
20 irregular structure, with pointed ice-air interfaces and micro-cracks, tight 
is randomly reflected or scattered therefrom. Consequently for small ice 
thickness, the dominant contribution to the optical signal detected by the 
fibres, is due to die random reflections and scattering from the volume 
and surface irregularities. However as the ice thickness increases the 
25 surface irregularities can potentially contribute to the optical signal, as 
the ice is mostly transparent, but these contributions are random, and 
scattering from the ice volume micro-cracks dominate. The 
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characteristic optical signature, detected by the fibre optics during the ice 
growth of this type of ice, exhibits a general increase of the optical 
signal with ice thickness with large fluctuations related to the random 
scattering at the ice air interfaces. 

5 Figure 7 shows three curves 90a, 90b, 90c of detected intensity against 
sensor position. The curve 90a represents the 'spatial signature' of 
glazed or clear ice, the curve 90b represents the * spatial signature' of 
mixed phase ice, and the curve 90c represents the 'spatial signature' of 
rime "ice. 

10 Referring to Figure 8 there is shown a family of curves 91a, 91b, 91c 
and 9 Id of detected intensity (measured at a particular distance from the 
emitter) against ice thickness. The curve 91d is representative of rime 
ice, and the curve 91a is representative of glazed or clear ice. The 
curves 91b and 91c are representative of mixed phase ice types, with the 

15 curve 91c representing ice having a greater rime ice content than the ice 
whicli is represented by curve 91b, 

The data acquisition unit 13 is shown in more detail in Figure 12. The 
unit 13 comprises three comparators COMP1, COMP2 and COMP3, a 
logic array 100, an analogue to digital converter 95, a memory map 96 
20 and a digital to analogue converter 97. 

One input of each of the comparators COMF1, COMF2 and COMF3 is 
connected to the outputs of operational amplifiers OPAMF1, OFAMP2 
and OFAMP3 respectively. The operational amplifiers OPAMP1 , 
OPAMP2 and OPAMP3 are provided with feedback resistors Rl» R2 and 
25 R3 respectively, and input resistors R4 and R5. R6 and R7, and R8 and 
R9 respectively. The input resistors are connected to the photodiodes 
EDI, FX>2, PD4, P3D5 and PD6, which receive signals from the 
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respective optical fibres of each of the sensors 5, 6, 4. 7, 3 and 8 
respectively. Operational amplifier OPAMP1 receives input from PD1 
and PD2, operational amplifier OPAMP2 receives input from PD3 and 
PD4. and operational amplifier OPAMP3 receives input from PD5 and 
5 PD6. 

Outputs of the comparators COMP1, COMP2 and COMP3 are connected 
to a logic array 100 which comprises two exclusive-OR gates 101 and 
102 and two AND gates 103 and 104. 

The eight bit analogue to digital converter 95 receives an input from 
10 OPAMP1 and the output of the converter 95 is connected to the memory 
map 96. as ia the output of the logic array 100. The memory map 96 has 
stored therein look-up tables representative of detected intensity values 
and corresponding ice thickness values for various ice types as detected 
by sensors 5 and 6 (ie those sensors closest to the emitter 10). These 
15 values in the look-up tables are based on the various curves shown in 
Figure 8. 

The output of the memory map 96 is input into a digital to analogue 
converter 97 which produces am output 98. 

In use the apparatus 1 operates as follows. Radiation in the wavelength 
20 range 820 mm to 850 mm is generated by light source 11 and emitted 
from the distal end of the emitter 10 which is arranged to be substantially 
flush with the outer surface 17 of the aerofoil 9. The light issuing from 
the emitter 10 is directed generally outwardly of the outer surface 17. 
As best seen in Figure 2 light enters a layer 15 of accreted ice on the 
25 aerofoil 9, some of the light is reflected back towards the aerofoil at the 
boundary 20 between the accreted, ice and the air 21. Some of me 
emitted light is scattered by the ice layer 15 back towards the aerofoil 9. 
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That reflected and scattered light is received by the flush-mounted distal 
ends of the sensors 3, 4, 5, 6, 7 and 8. 

The signals from the photodiodes PD1, PD2, PD3, PD4. PD5 and PD6 
are amplified by operational amplifiers OPAMP1, OPAMP2 and 
5 OPAMP3, the outputs of which are input to the respective comparators. 
As can be seen from Figure 12. one input of each comparator COMP1, 
COMP2 and COMP3 is held at a threshold voltage. In particular one 
input of COMP1 is held at a threshold voltage determined by R4 and R5, 
one input of COMP2 is held at a threshold voltage by R6 and R7, and 
10 one input of COMP3 is held at a voltage determined by R8 and R9. The 
respective threshold voltages are determined in accordance with the data 
from Figure 7. If an (amplified) signal from connected photodiodes 
exceeds the threshold voltage then the comparator outputs a T. 
otherwise the comparator issues an '0'. The outputs of the comparators 
15 are input into the logic, array 100, the logic array being configured to 
implement the truth table shown in Figure 13, Thus a two-bit output 99 
results which is indicative of the type of the accreted ice layer. In the 
truth table: 

00 - No ice 
20 01 - glaze/clear ice 

10 - mixed phase ice 

11 - rime ice 

As is evident if comparators COMP3 and/or COMP2 output a '1' this 
indicates wider scattering. 

25 The thickness of the accreted ice layer 15 is determined in the following 
way. Returning to Figure 12, it can be seen that the output of OPAMP1 
is fed to the analogue to digital converter 95. This signal provides a 
non-linear measurement of ice thickness. Since ice type has been 
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determined, and is given by output 99, the appropriate look-up table 
stored in memory map 96 can be selected. It is then a straightforward 
operation to locate in the appropriate look-up table the detected intensity 
value input by the converter 95 and read the corresponding ice thickness 
5 value. The converter 97 then converts that value into an analogue signal 
98. 

Signals from the data acquisition unit 13 are then fed to the control 
unit 14. The control unit uses the signals from the data acquisition unit 
13 to apply power to the aircraft ice protection system (IPS) . 

10 The way the IPS is configured will be dependent upon the application of 
the sensors. With a single sensor system, the control unit will apply an 
algorithm to determine the required de-icing sequence given the current 
conditions. A multi-sensor system on the other hand has the capability to 
apply the de-icing sequence dependent upon the specific ice build up at 

15 that point on the airframe/airfoil. 

A further simplified use of the apparatus 1 would be to provide an 
'ice/no ice' indication. This would be useful to the pilots of smaller 
general aviation aircraft without ice protection systems fitted, to allow 
for easier identification of wing or tail stall due to ice accretion. 

20 With reference to Figure 11 there is shown a helicopter blade 25 which is 
provided emitter/sensor configurations 26, 27, 28, 29 and 30 which are 
arranged to monitor ice accretion along the length of leading edge 31 of 
the blade 25. 

Each emitter/sensor configuration comprises a central emitter 
25 (unreferenced) in the form of a fibre optic cable which interposes two 
diametrically opposed sensors (unreferenced) also provided by fibre optic 
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cables. Each emitter/sensor configuration is arranged to monitor a. 
respective, zone of the blade 25. The fibre optic cables, which would 
typically be embedded in the blade, are arranged to lead to the inboard 
end of the blade 25 to pre-amp and link electronics 32. A link 33 
5 comprises an optical slip ring which allows the sensed data to pass from 
the rotating blade 25 to the frame of the aircraft. The aircraft then 
houses an optic module 34 and computer and control electronicB 35. 

This 'distributive architecture' opens up the possibility for multiple ice 
protection technologies to be used on the same aircraft in different areas. 

10 There are numerous other ways in which the invention could be 
embodied. In one preferred embodiment the emitter and sensors are 
provided as an integral unit in the form of an emitter/sensor head which 

may be installed _inw__an__wrcraft sized recess 

therein. Signals would be sent back to remotely located data processing 

15 equipment. 

In yet a further embodiment shown schematically in Figures 9 and 10. an 
emitter/sensor head may comprise an array of photodiodes (which serve 
as sensors) 41 to 50 and a central light emitting diode 40. 

With reference to Figure 5 there is shown an alternative emitter/sensor 
20 arrangement 70 wherein fibre optic cables 73 are arranged in two sets of 
sensors, one on each side of a light emitting fibre optic cable 72, and 
fibre optical cables 71 are arranged in two similar sets about cable 72, 
but at substantially 90° relative thereto. It will be appreciated that the 
centre spacings between adjacent cables 71 and adjacent cables 73 need 
25 not necessarily be the same, so 
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Xl = or 5t x 2 = or * a* , and 
y t = or * y 2 = or 5* y„ 

This cruciform arrangement not only increases the detection area, hot 
also provides a degree of redundancy in the arrangement. 

5 Figure 6 illustrates that emitter and/or sensor cables 80 and 81 need not 
necessarily extend substantially perpendicular to the outer surface of the 
aircraft, and moreover, Oi =* or f © a or 0. 

The spacing between the centres of adjacent optical fibres could typically 
be in the range 40 fan to 5 mm, for example. 

10 Figure 14 shows an alternative emitter/sensor configuration which 
comprises an emitter 110 and a plurality of sensors 111. The sensors 
111 are arranged in a substantially spiral path around the intermediately 
located emitter 110, and accordingly the sensors are. located at 
progressively greater distances from the emitter 110. 



15 
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CLAIMS 

1. Apparatus for detecting ice accretion comprising an electromagnetic 
radiation emitter (10) and an array of sensors (3, 4, 5, 6, 7, 8), the 
emitter being located intermediate of the array of sensors and at least 

5 some of the sensors being located at different distances from the emitter. 

2. Apparatus as claimed in claim 1 in which the sensors (3, 4, 5, 6, 7, 
8) are substantially symmetrical about the emitter (10). 

3. Apparatus as claimed in claim 1 or claim 2 in which the array of 
sensors (3, 4 r 5, 6, 7, 8) comprises a first set of sensors (3, 4, 5) and a 

10 second set (6, 7, 8) of sensors, the first and second sets of sensors being 
arranged to follow respective paths generally away from the emitter (10). 

4. Apparatus as claimed in claim 3 in which the sets of sensors (3, 4, 

5. 6, 7, 8) are arranged in respective radial paths. 

5. Apparatus as claimed in claim 3 in which the array of sensors 
15 further comprises third (71). and fourth (71) sets of sensors, the first, 

second, third and fourth sets of sensors together forming a substantially 
cruciform arrangement of sensors about the emitter (10) . 

6. Apparatus as claimed in any preceding claim in which the array of 
sensors (3, 4, 5, 6, 7, 8) is substantially flush with a surface (17) in 

20 which the array is mounted. 

7. Apparatus as claimed in any preceding claim which is an apparatus 
for detecting ice accretion (15) on an aircraft surface (9, 17). 
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8. A method of monitoring ice accretion comprising emitting an 
electromagnetic radiation "signal from" an" emitter (10). detecting radiation 
which is scattered and/or reflected by a layer of accreted ice, detection of 
the scattered and/or reflected radiation being effected by an array of 

5 sensors (3, 4, 5, 6, 7, 8), at least some of the sensors being at different 
distances from the emitter, and comparing the detected intensity of 
radiation at different distances from the emitter to respective 
predetermined values so as to determine the type of accreted ice. 

9. A method as claimed in claim 9 which comprises dete rminin g 
10 whether the detected intensity of radiation at a particular distance from 

the emitter is above a predetermined threshold value, 

10. A method as claimed in claim 8 or claim 9 which comprises 
determining the type of accreted ice in response to which sensors at 
different distances from the emitter detect scattered and/or reflected 

15 intensity above respective predetermined threshold values. 

11. A method as claimed in claim 8, claim 9 or claim 10 which 
comprises selecting a look-up table of detected intensity values and ice 
thickness values in response to the determined ice type. 

12. A method as claimed in claim 11 which comprises determining ice 
20 thickness by locating a value of ice thickness in the respective look-up 

table which corresponds to a detected intensity at a particular distance 
from the emitter (10) . 

13. A method as claimed in claim 12 which comprises using the value of 
detected intensity which corresponds to a sensor position which is closest 

25 to the emitter to determine the ice thickness from the look-up table. 
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14. Data processing equipment (13) for ice detection apparatus (1) 
comprising comparator means (COMP1, COMP2, COMP3) ► the 
comparator means, in use, receiving signals representative of the 
intensity of radiation scattered and/or reflected by a layer of accreted ice 

5 (15) which scattered and/or reflected radiation is detected by an array of 
sensors (3, 4, 5, 6, 7, 8), at least some of the sensors being located at 
different distances from an electromagnetic radiation emitter (10), the 
comparator means being configured to compare the values of detected 
intensity to predetermined values and determine whether said values of 
10 detected intensity are above the predetermined values so as to enable the 
data processing equipment to determine the type of accreted ice. 

15. Data processing equipment as claimed in claim 14 in which the 
comparator means (COMP1, COMP2, COMP3) is configured to compare 
detected intensity at different distances from the emitter (10) to 

15 respective predetermined values. 

16. Data processing equipment as claimed in claim 15 in which the 
comparator means (COMP1, COMP2, COMP3) comprises multiple 
comparators, each comparator being input with a signal which is 
representative of a detected intensity at a respective distance from the 

20 emitter (10). 

17. Data processing equipment as claimed in claim 16 in which each 
comparator (COMP1, COMP2, COMP3) is configured to compare a 
received detected intensity to e respective threshold value. 

18. Data processing equipment as claimed in claim 17 in which outputs 
25 of the comparators (COMP1, COMP2, COMP3) are indicative of the type 

of the accreted ice. 
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19. Data processing equipment as claimed in claim 18 in which the 
outputs of the comparators" (COMP1, COMP2, COMP3) are input into a 
logic array (100), the logic array being configured to output a binary 
number which is indicative of the type of the accreted ice. 

5 20. Data processing equipment as claimed in any of claims 13 to 19. 
which comprises a memory (96) which stores look-up tables of detected 
intensity values and corresponding ice thickness values for different ice 
types. 

21. Data processing equipment as claimed in claim 20 which is 
10 configured to select a look-up table in response to the determined ice 

type. 

22. Data processing equipment as claimed in claim 21 which is 
configured to determine ice thickness by locating an ice thickness value 
in the look-up table which corresponds to a detected intensity. 
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ABSTRACT 



ICE DETECTION APPARATUS AND METHOD 

Ice detection apparatus (1) for monitoring ice accretion on aircraft 
surfaces, comprising an array of optical fibres (3, 4, 5, 6, 7 and 8) which 
5 are mounted flush with an outer surface (17) of an aircraft skin (9), and 
an intermediately located electromagnetic radiation emitter (10) which is 
provided by an optical fibre. In use radiation is emitted by the emitter 
generally outwardly of the aircraft surface, and the layer of accreted ice 
(15) scatters and reflects the emitted radiation. The scattered and/or 
10 reflected radiation is detected by the sensors, and the spatial distribution 
of the detected radiation intensity about the emitter can be used to 
calculate the thickness of the layer of ice and the type of ice. 



I3-JUN-Z003 16:46 FROM-BARKER BRETTHLL 



FIGURE 3 



3-JUN-2003 16:47 



F ROM-BARKER BRETTELL 



023-8033-7006 



T-620 P. 028/034 F-65! 




13-JUN-2003 16:47 FMXif-BARKER BRETTELL 023-8033-7006 T-620 P.029/034 F-651 

5/10 



Source position 
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Sensor position 



FIGURE 7 




Ice thickness 



FIGURE 8 
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